Early-life disruption of the parent-child relationship, for example, in the form of abuse, neglect or loss, dramatically increases risk for psychiatric, as well as certain medical, disorders in adulthood. The neuropeptide oxytocin (OT) plays a seminal role in mediating social affiliation, attachment, social support, maternal behavior and trust, as well as protection against stress and anxiety. We therefore examined central nervous system OT activity after early-life adversity in adult women. We measured OT concentrations in cerebrospinal fluid (CSF) collected from 22 medically healthy women, aged 18-45 years, categorized into those with none-mild versus those with moderate-severe exposure to various forms of childhood abuse or neglect. Exposure to maltreatment was associated with decreased CSF OT concentrations. A particularly strong effect was identified for emotional abuse. There were inverse associations between CSF OT concentrations and the number of exposure categories, the severity and duration of the abuse and current anxiety ratings. If replicated, the association of lower adult CSF OT levels with childhood trauma might indicate that alterations in central OT function may be involved in the adverse outcomes of childhood adversity.
Introduction
A secure and safe relationship between parent, real or surrogate, and child is a critical ontogenetic factor that regulates the child's social and emotional experiences throughout development, enabling appropriate behavior and response to the environment later in life.
1,2 A disturbed parent-child relationship or trauma early in life, such as abuse, neglect or loss, leads to abnormal development and subsequent vulnerability to psychiatric, that is, syndromal depression and anxiety, and certain medical disorders. 3 The neuropeptide oxytocin (OT), found in the hypothalamus and limbic brain regions, has received considerable attention in preclinical and human research for its role in mediating social affiliation, attachment, social support, maternal behavior and trust. 4, 5 OT also has stress-protective effects and decreases amygdala reactivity in humans. 6 Early nurturing experiences induce persistent alterations in central nervous system (CNS) OT receptor levels in rats. 7 Furthermore, nursery-reared rhesus monkeys exhibit decreased cerebrospinal fluid (CSF) OT concentrations compared with mother-reared controls. 8 A recent study reported decreased OT concentrations in urine collected from orphaned children, 9 but the validity of this result has come under question. 10 We hypothesized a role for CNS OT circuits in the vulnerability to stress and psychiatric disorders after early-life adversity in humans. However, there are currently no experimental data indicating that early social experience alters CNS OT systems in humans. We therefore measured OT concentrations in CSF collected from women with and without histories of childhood trauma.
Materials and methods
A total of 22 female volunteers, aged 18-45 years (mean (s.d.): 31.3 (7.8) years), 7 African-American and 15 Caucasian, with regular menses, no psychosis or bipolar disorder, current substance abuse or eating disorders, and free of medication, were recruited as part of the Emory Conte Center for the Psychobiology of Early-life Trauma. The study was approved by the Institutional Review Board. Subjects were admitted to the National Institutes of Health (NIH)-funded Emory University General Clinical Research Center.
Five categories of childhood trauma, including emotional, physical and sexual abuse, and emotional and physical neglect, were assessed using the Childhood Trauma Questionnaire (CTQ). 11 Each subscale is measured in five items and rated on a five-point Likert scale. Cutoff scores for moderate-severe exposure (X13 for emotional abuse; X10 for physical abuse; X8 for sexual abuse; X15 for emotional neglect; and X10 for physical neglect) were used to classify subjects as positive for a history of childhood trauma. Being identified as positive for a category corresponds with endorsing a substantive number of experiences as 'often true.' The CTQ demonstrates good internal consistency (0.63-0.95) and criterionrelated validity (0.50-0.75). Convergent reliability with therapist assessments of abuse is high. Good specificity and sensitivity of cutoff scores to classify maltreated subjects has been reported. Additional information was collected 12 to determine duration of maltreatment. Psychiatric disorders were assessed using the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, 4th edition. 13 Symptom severity was measured using psychometric rating scales. 14, 15 Lumbar punctures were performed in the follicular phase, as verified by estradiol and progesterone measures. Cycle phase was undetermined for four women. Participants remained at bed rest with no oral intake except water beginning 2 h before lumbar puncture. An anesthesiologist performed lumbar punctures at 1600 hours using standard aseptic technique. A 4-6 ml CSF sample was collected and stored at À80 1C until assayed. OT concentrations were determined by the Yerkes National Primate Research Center, Endocrine Core Laboratory using commercially prepared kits obtained from R&D Systems (Minneapolis, MN, USA; catalogue number DE-1900 (EIA kit)). The assay was performed before the expiration date of the kit (assay date 5 December 2002, expiration date 29 April 2003). The person performing the assay was blind to the subject status of the samples. All CSF samples were run in duplicate and in a single assay. The predetermined criterion to exclude samples was > 20% variation between duplicates. None of the samples were excluded. Plasma samples used for quality control were diluted 1-2.5 and 100 ml of the diluted sample were assayed. For CSF, 100 ml of undiluted sample was assayed in duplicate. Neither plasma nor CSF samples were extracted. The interassay coefficient of variation was 10.05% and was calculated on a pool of plasma over seven assays, having a mean of 301.6 pg/ml and a s.d. of 30.1 pg/ml. The intraassay coefficient of variation was 10.2% and calculated by assaying eight duplicates of the same plasma pool, having a mean of 494.6 pg/ml and a s.d. of 50.2 pg/ml. The range of the standards used in the assay was 3.9-1000 pg/ml and the sensitivity of the assay was 4.68 pg/ml according to the manufacturer. Thus, the OT concentrations in the CSF samples were 10-to 20-fold lower than in the diluted quality control plasma samples, but both were well within the range of the assay. The OT concentrations in the CSF samples in this study are comparable to those reported in other studies in which radioimmunoassay was used to quantify OT in the CSF of human subjects. 16, 17 It should be noted that the kit used in this assay is no longer available from R&D Systems. The kit was redeveloped by Assay Designs Inc. (Ann Arbor, MI, USA; catalogue number 900-153); however, the sensitivity of the new kits is 11.7 pg/ml. Therefore, replication of this study would require extraction and concentration of CSF samples before assay with the Assay Designs Inc. EIA kit, or the use of more sensitive radioimmunoassay on unextracted samples as previously reported. 17 
Data analysis
This study was an exploratory pilot study. We generally hypothesized that childhood adversity might be associated with low CSF OT levels. Analyses for associations between type and features of childhood trauma were exploratory. The statistical analyses were as follows: mean CSF OT concentrations were compared between exposure groups for each CTQ subscale, as well as based on composite grouping variables for any maltreatment and number of maltreatment categories (0, 1, 2, X3) using Student's t-test or analysis of variance, respectively. CSF OT concentrations were also compared by diagnostic status. Pearson's correlation coefficients were computed to describe associations between CSF OT concentrations and childhood maltreatment features (severity scores, duration) as well as clinical symptom severity (depression, anxiety). In the case of significant correlations between clinical measures and OT concentrations, partial correlations were computed to confirm associations between childhood maltreatment and OT concentrations, when controlling for clinical symptoms. All tests were two-tailed with the level of significance set at P < 0.05.
Results
Women exposed to any form of maltreatment exhibited significantly decreased CSF OT concentrations compared to women with no exposure (t(20) = À2.229, P = 0.037; Figure 1a ). CSF OT concentrations decreased with increasing number of exposure categories and were lowest in women who had experienced three or more forms of maltreatment (F(3,21) = 4.901, P = 0.012; Figure 1b ). This effect was of moderate size (Z 2 of 0.45) with an achieved power of 83%. When comparing CSF OT concentrations by exposure types, a significant effect was identified for emotional abuse (t(20) = À3.517, P = 0.002; Figure 1c ). This effect was of moderate size (Z 2 of 0.38) with an achieved power of 91%. There were also effects for physical abuse (t(20) = À2.715, P = 0.013) and emotional neglect (t(20) = À2.207, P = 0.039). Exploratory correlational analyses revealed inverse associations between CSF OT concentrations and CTQ total (r(22) = À0.542, P = 0.009), emotional abuse (r(22) = À0.621, P = 0.002; Figure 1d ) and emotional neglect (r(22) = À0.469, P = 0.028) scores and the cumulative duration of emotional abuse (r(22) = À0.452, P = 0.035). Consistent with its putative anxiolytic role, CSF OT concentrations were negatively correlated with anxiety ratings (r(22) = À0.448, P = 0.037). Partial correlations confirmed significant associations between childhood maltreatment measures and CSF OT concentrations (CTQ total: r(19) = À0.546, P = 0.01; CTQ emotional abuse: r(19) = À0.55, P = 0.01), even when controlling for anxiety levels. CSF OT measures were not associated with age, race, sexual abuse, physical neglect, depression, or posttraumatic stress disorder.
Comment
Our results suggest that early adverse social experience may be associated with alterations in OT brain systems implicated in social attachment and stress protection in humans, providing insight into the mechanism translating early social adversity into adult vulnerability to stress and disease, including depression and anxiety disorders. The strong effect of emotional abuse suggests that this form of maltreatment might be most disruptive in terms of perceived rejection and inadequate caretaker-child attachment. Our findings are generally in line with results of decreased urinary OT concentrations in maltreated children 9 and aberrant endocrine response to OT intranasal challenge in adult men with childhood parental separation experience. 18 We also found that reduced CSF OT concentrations are associated with current anxiety levels, although the effects of childhood trauma on CSF OT concentrations were not explained by anxiety levels.
Reduced central OT function might be a direct effect of childhood adverse experience, because of early developmental programming of OT circuits, as demonstrated in animal studies. 7, 8 However, there are several other potential explanations of our findings that should be considered. For example, in animal models, prenatal stress has been associated with decreased OT function and aberrant social behavior in the offspring. 19 It is therefore possible that prenatal stress exposure in humans may contribute to both decreased OT function and increased risk of being maltreated as a child and, hence, decreased OT concentrations in adulthood might no necessarily be a consequence of childhood trauma but could be linked to prenatal stress. Another possible explanation is that abusive parents and their offspring share traits, that is, genetic or personality features, that might be associated with decreased OT function. Effects of childhood trauma on central OT function could be indirect, inasmuch as childhood trauma may induce behavioral or biological changes that produce subsequent OT dysfunction. Thus, central OT dysfunction may persist since childhood or may occur later in life as an indirect effect of childhood trauma exposure.
Our study was an exploratory pilot study and results should be considered as preliminary. Limitations of the current study include a small sample size and findings should be replicated and extended in larger samples that should be stratified by psychopathology. A second limitation is that the study was restricted to women and results cannot be generalized to men, especially because sex differences in the effects of early experience on CNS OT systems have been observed in animal models. 20 A third limitation is reliance on retrospective self-reports of childhood experiences. The credibility of retrospective selfreports of childhood trauma has been critically discussed. Problems include simple forgetting, nonawareness, nondisclosure and reporting biases because of mood states. However, a recent meta-analysis of studies using external corroboration of self-reports revealed that false negatives are more frequent than false positives, leading to downward biases in estimated associations between early adversity and outcome variables. 21 A fourth limitation is that our study was cross-sectional and causal inferences on a relationship between childhood maltreatment and adult OT function cannot be derived (see above). To confirm a causal relationship, longitudinal studies will be needed. It should be noted that the stress or pain of lumbar puncture might have affected CSF OT measures. Therefore, it is unclear whether reduced CSF OT levels in victims of childhood trauma reflect Given the numerous limitations of this study, any speculation on the causes and consequences of the observed differences in CSF OT level should be considered extremely tentative. If decreased OT function can be confirmed to occur as a correlate or consequence of childhood trauma, there might be several potential implications that could be considered in future studies. It may be speculated that decreased OT availability may: (1) promote impaired reading of, and responding to, social signals 22 and interfere with optimal partner selection, 4 thereby contributing to revictimization; 23 (2) contribute to the transmission of maltreatment across generations, 24 because OT is well established as an important mediator of maternal behavior; 4 and (3) explain in part why patients with childhood adversity and depression demonstrate a superior response to psychotherapy, 25 a treatment involving social components that reestablish trust and acceptance. Indeed, research into the 'social brain' may lead to new methods to prevent and reverse the adverse outcomes of childhood adversity, for example, by augmenting psychotherapy with OT treatment.
